Objectives: Swedish Obese Subjects (SOS) is a multidisciplinary project involving aspects of obesity ranging from description of the severely obese state to effects of surgical intervention on long-term mortality and morbidity. Dietary studies, which represent an integral part of SOS research activities, are the focus of this review. Subjects and methods: Due to the large number of obese subjects included in the SOS data bases ( b 5000), an early priority of the project was to develop a dietary assessment method which: (i) described usual intake patterns; (ii) could be self-administered by subjects and rapidly processed; and (iii) was equally valid in obese and non-obese individuals. Results: The SOS method has met these requirements and is now being completed by all subjects at baseline and during the intervention, and by a non-obese reference population. A number of dietary features distinguishing obese subjects have emerged, including: elevated intakes of energy and energy-percent fat; low consumption of alcohol, fruits and vegetables; high dietary disinhibition; frequent consumption of light meals and snacks; and night eating. In the surgical intervention group, a relatively high consumption of sweet foods was associated with better weight loss and maintenance.
Background: why SOS?
Severe obesity is a well-documented risk factor for mortality and a large number of diseases (Sjo Èstro Èm, 1992a,b) . However, it remains unproved whether weight reduction reverses the excess mortality risk associated with obesity. The Swedish Obese Subjects study (SOS) was designed to ®ll this gap in current understanding of obesity by investigating the effects of intentional weight loss on mortality and morbidity of severely obese men and women.
Most available epidemiological research on weight loss in relation to survival includes no information on whether the weight loss was intentional or not. This problem indicates the need for prospective studies describing health consequences of voluntary weight losses, and epidemiologists have recently designed questionnaires to address this issue. The ensuing research has suggested that major weight losses in free-living populations are almost as likely to be involuntary as voluntary (French et al, 1995) . Therefore, most observational studies showing that weight loss predicts increased, as opposed to decreased, mortality are potentially¯awed by the fact that weight losses are often consequences of rather than causes of disease.
It thus became clear that intervention trials must be conducted to make progress in this area. However, in order to conduct an intervention study investigating the role of weight loss on long-term disease and mortality, it is necessary that the intervention produce weight losses that are not only voluntary but also sustained over time. Surgical weight loss is the only method in which severely obese subjects lose substantial amounts of weight and generally maintain their losses. With this background, the SOS intervention study was designed.
Design of the SOS study
The design of the SOS study is described schematically in Figure 1 . Brie¯y, SOS is an ongoing country-wide obesity study consisting of a registry and an intervention, which have been previously described in detail (Sjo Èstro Èm et al, 1992) . In the registry, 6000 ±10 000 obese subjects aged 37± 60 y have been or will be examined at primary health care centres throughout Sweden. The majority, although not all, meet the BMI criteria required for inclusion in the intervention (described below).
Obese subjects are recruited, generally via this registry, into the intervention study which includes one surgically treated group and one matched control group receiving conventional care. Each group will include 2000 subjects who are being followed up for 10 y. At the time they are included in the study, all male surgical cases and controls have a BMI of at least 34 kg/m 2 . For women, the BMI cutoff point of 38 kg/m 2 is higher in order to increase the power of the study to detect an effect on mortality, since obese women have a lower mortality risk than obese men at a given relative weight.
The treatments offered to the surgical group consist of: (i) gastric bypass; (ii) vertical banded gastroplasty (VBG); or (iii) banding. Treatment and follow-up of these patients are conducted at surgical departments throughout Sweden. Controls are offered conventional dietary treatment at the primary health care centres. So far 30 surgical departments and around 450 primary health care centres are participating in SOS.
For each surgical case included into the intervention study, a computerized matching program selects the optimal control among subjects in the registry, taking into account 18 different matching variables. The matching procedure was necessary in order to equalize the surgical cases and controls to the greatest extent possible, given that randomization to surgery was considered ethically unacceptable at the time the study was designed. Even with improved laparoscopic techniques now making surgical weight reduction procedures less invasive, randomized surgical trials can provide no guarantee that the control group does not undergo voluntary weight reduction (Williamson, 1996) . Therefore, it is not currently considered feasible to conduct classical randomized clinical trials on the effects of intentional weight loss on mortality. However, the matching procedure used in SOS, together with the clear intentionality of weight loss in the surgical group, make it possible to take this question further than has been possible in observational epidemiology.
Although the registry and the intervention studies are closely related, their objectives are distinct. The primary purpose of the registry is to identify severely obese subjects, who provide a recruitment base for the intervention study. Some additional aims include: description of an obese population with respect to body composition, adipose tissue distribution, metabolic aberrations, dietary habits, genetic predisposition, psychological and socio-economic variables.
The primary objective of the intervention study is to determine whether the ten-year mortality and morbidity rates among the surgically-treated group of obese subjects differ from those of conventionally-treated, relatively weight-stable controls. Myocardial infarction, cerebrovascular disease, diabetes and gall bladder disease are of particular interest in the analyses of morbidity and causespeci®c mortality. Should weight reduction through surgery be associated with improved longevity and health, the secondary aim is to estimate how much weight must be lost to achieve this effect.
Parallel population studies are under way in two parts of Sweden (Mo Èlndal and O È rebro), using SOS data collection methods to provide comparable reference material on mainly non-obese individuals. The numbers of SOS subjects and population-based reference subjects as of 1 April 1997 are given in Table 1 .
SOS registry study: preliminary descriptive results
The SOS registry, presently containing detailed baseline data on 5342 men and women, represents one of the largest existing databases describing the obese state. A descriptive study from the SOS registry was published in 1992, based on the ®rst 1006 subjects recruited (Sjo Èstro Èm et al, 1992) . On average, BMI was 37.6 AE 4.0 (mean AE s.d.) in SOS males and 41.0 AE 4.3 kg/m 2 in SOS females. Seventy-nine percent of the SOS women and 90% of the SOS men had abnormal levels of at least one of the following cardiovascular risk factors: blood pressure ! 160/95 mmHg; insulin b 20 mU/l; glucose b 7.1 mmol/l; triglycerides b 2.0 mmol/l; or HDL-cholesterol`1.0 mmol/l. As compared to age-matched reference populations, the risk ratios for prevalent obesity-related conditions in 50 y old SOS males and females, respectively, were 4.3 and 4.7 for dyspnoea, 14.7 and 11.8 for chest pain, 6.3 for myocardial infarction (males only), 2.1 and 4.5 for hypertension and 5.2 and 6.6 for diabetes mellitus. Moreover, the number of working days lost due to sick leave and disability pension was twice as high among obese SOS women as in the general female population (Narbro et al, 1996) .
In addition to the well-known medical risks associated with obesity, the severe psychosocial effects are also documented. Psychometric questionnaires include: general health rating index, mood adjective check list, hospital anxiety and depression scale, sickness impact pro®le, and a special obesity related problem scale. Based on results from these scales, obese subjects in the registry had scores which were not only worse than in reference populations, but also as bad as or worse than in patients with chronic pain conditions, generalised malignant melanoma or spinal cord injuries (Sullivan et al, 1993) . Figure 2 shows the frequency distribution of BMI from the most recent years of recruitment into the SOS registry and in the Mo Èlndal-O È rebro controls (data collected between 1994 ±1997 in both groups). This distribution makes it possible to conduct comparative studies of large numbers of men and women in various body weight categories, ranging from normal weight to overweight grade 3 (WHO, Figure 1 Schematic description of SOS study design. Swedish obese subjects (SOS) L Lissner et al 1995) . These data will be used for descriptive and correlational studies of the obese state.
The SOS intervention: preliminary results from follow-up examinations
During the ®rst two years of the intervention study, subjects in the surgical group lost on the average 28 kg (range 795 to 10), whereas controls lost on average only 0.6 kg (range 750 to 31) (Sjo Èstro Èm, 1995) . The two types of gastroplasty (VBG and banding, combined) resulted in average weight losses of around 26 kg at two years after surgery. In the gastric bypass group, the average losses after 2 y were 39 kg . Two years after treatment, cardiovascular risk factors (Sjo Èstro Èm CD et al, 1994; were dramatically improved in the surgical group but not in the control group. The 2 y incidence of new cases of diabetes was 8% in the control group but only 0.5% in the surgical group. In other words, a 28 kg weight reduction introduced a 16-fold risk reduction. Similarly, 3-to 4-fold risk reductions were observed in the surgical group with respect to 2 y incidences of new cases of hypertension, hypertriglyceridemia and low HDL-cholesterol. After 2 y, quality of life was also greatly improved .
In summary, preliminary results from the registry and intervention studies underscore the medical and psychosocial risks associated with severe obesity while suggesting that these risks are to some extent reversible with partial weight normalisation. It is far too early in the study to examine the effects of surgical weight reduction on disease endpoints and mortality. However, we have taken the opportunity to focus on a number of nutritional topics in the interim. These include:
(a) Development of a method to obtain valid nutritional data from severely obese subjects; (b) Dietary differences between severely obese women and non-obese controls; (c) Short-and long-term associations between dietary patterns and surgical weight loss; and (d) Miscellaneous dietary studies involving VLCD and temporal eating patterns.
Rationale and development of a dietary instrument for SOS
Common wisdom holds that obesity results from overeating, a view that was once challenged by a number of studies suggesting that obese persons do not eat more than normal weight subjects (Keen et al, 1979; Kromhout, 1983) . However, with the introduction of the doubly labelled water technique it became possible to demonstrate that obese subjects expend more energy than normal weight subjects and also tend to under-report energy intake to a larger extent than normal weight subjects (Prentice et al, 1986; Black et al, 1993) . Depending on dietary method used, the reasons for this under-reporting vary, including changes in true diet during periods of dietary recordkeeping, omission of food intake reported retrospectively, or systematic errors in portion size estimation, to name a few. The dietary history method appears to give the best results in obese individuals (Beaudoin & Mayer, 1953) , but this method is very time-consuming and also subject to interviewer bias (Black et al, 1993) . If obese subjects speci®cally under-report speci®c components of their diet more than normal weight subjects, as has been suggested in one study , this would have even more serious implications for the interpretation of dietary survey data than general under-reporting at the whole-diet level. This type of error could create unpredictable biases in observed associations between dietary risk factors and obesity-related diseases (Lissner et al, 1998) . Given the degree of overweight in the SOS sample, it was necessary to develop a dietary assessment method that could capture dietary intake of obese subjects in an optimal way. The large size of the study also made it necessary to develop a method that can be self-administered without oral instructions and that is amenable to rapid data entry. The SOS dietary questionnaire is adapted from a simpli®ed dietary history interview, developed for the Swedish diet (Abrahamson & Isaksson, 1988) , and modi®ed based in Swedish obese subjects (SOS) L Lissner et al part on clinical experience with problematic eating characteristics of obese individuals. This method includes 49 questions on usual food consumption patterns during the previous three months, placing emphasis on portion size and day of week. Amounts of snack foods and candies are quanti®ed using sizes for pre-confectioned packages as sold in Sweden. Bread-type, thickness and contents of sandwiches are described in detail due to the large contribution of sandwiches to the Swedish diet. The questionnaire takes 20 ±30 min to complete. Daily intake of energy and 29 nutrients are then computed. The SOS questionnaire has been described in greater detail (Lindroos et al, 1993) , and its validity has been tested and judged to be satisfactory in a pilot study of 45 obese and 19 non-obese subjects. In this validation study, a relatively unbiased measure of energy expenditure was available as a point of reference, based on each individual's measured BMR that was adjusted for reported physical activity. To compare the validity of the SOS method with that of a traditional method, each subject also completed a 4 d food record. As summarized in Figure 3 , in both the obese and the non-obese groups, the SOS questionnairebased energy intake was 4% (non-signi®cantly) higher than estimated energy expenditure, with a between-method correlation of 0.34 (P`0.01). Comparing a 4 d food record with estimated 24 h energy expenditure, energy intake was overestimated by 2.5% in the non-obese (NS) but underestimated by 23% in the obese subjects (P`0.0001). Another group of obese subjects completed the SOS questionnaire twice, based on which reproducibility of energy intake was found to be high (r 0.7).
In summary, the traditional 4 d food record resulted in large underestimates of energy intake in the obese group, although it produced satisfactory energy levels in the normal weight group. In contrast, the SOS method gave energy intake estimates that matched predicted values closely in obese and normal-weight groups. From these results it was concluded that it would be possible to obtain valid information on dietary intake in SOS.
Dietary habits in SOS subjects compared to population controls
Armed with a dietary method that appears to be equally valid in obese as in non-obese subjects, and having administered this questionnaire to all SOS registry subjects, it was of interest to describe dietary characteristics of severely obese individuals. At the time, there was no non-obese control group available with whom to compare obese subjects in the registry. Therefore, in 1992, a collaborative project was established with a population study of women in Gothenburg, to obtain comparative data using the SOS dietary questionnaire in a representative sample of non-obese women. An additional questionnaire, the ThreeFactor Eating Questionnaire (TFEQ) (Stunkard & Messnik, 1985) was also administered to both SOS subjects and the population-based controls. The sample used here consisted of 179 obese Swedish women and 139 non-obese population controls .
The ®rst aim of this study was to describe dietary intakes of obese and non-obese women using the SOS food frequency questionnaire. The results are shown in Table  2 . Reported energy intake was signi®cantly higher in obese women than in controls: 2730 vs 2025 kcal (P 0.0001). It is important to note that these reported energy intakes did not differ signi®cantly from the energy expenditures that would be predicted on the basis of their weights, heights and ages. The proportion of total energy from fat was also higher in the obese than in the non-obese women, 36.6% vs 34.2% (P 0.0001), in agreement with a number of other epidemiological studies . Alcohol intake was lower in the obese than in the non-obese subjects, both in absolute and in relative terms. The obese women consumed a larger fraction of their energy from sweets and cakes, but signi®cantly less from fruit and vegetables.
The next dimension of diet that we explored in this study is based on the Three-Factor Eating Questionnaire. This method aims to characterise essential behavioural components underlying food intake (Stunkard & Messnick, 1985) . The questionnaire, which has been translated into Swedish, measures three different aspects of eating: restrained eating (conscious restriction of food intake in order to control body weight or to promote weight loss), disinhibition (inability to resist emotional and social eating cues), and hunger (subjective feelings of hunger). Comparison of the obese and non-obese groups showed large differences in disinhibition and hunger, but no signi®cant differences in restraint. Multivariate analyses, in which each eating factor is adjusted for the other two, indicated that high disinhibition was the strongest independent predictor of the obese state.
The ®nal aim of this study was to examine relationships between energy intake and the three eating factors Swedish obese subjects (SOS) L Lissner et al described above, in obese and non-obese samples. The obese and non-obese groups had a similar range of restrained eating scores, despite higher energy intakes in the obese group. In contrast, Figure 4 shows that the scores for disinhibition in the obese group fell in a higher range than those of the non-obese group. Among the obese subjects, higher levels of disinhibition were clearly associated with excess energy intake.
In conclusion, using a dietary instrument that is valid and unbiased with respect to obesity, strong psychological correlates of variability in energy intake were detected in middle-aged overweight women. Disinhibition was associated with both obesity and high energy intakes, and is therefore an important factor to consider in the treatment of obese women. This is to our knowledge one of the ®rst studies that is able to describe food intake behaviours in severely obese vs non-obese subjects, while at the same time demonstrating that their energy intakes are at expected levels in both groups.
Dietary intakes in SOS surgical cases before and after weight loss
The next nutritional sub-study of SOS that we will report here is based on dietary and weight changes in the SOS surgical group. The primary aim of the study was to examine the dietary preferences of individuals who successfully lose weight by gastroplasty, both before and after the operation. It was hypothesised that a preference for sweet foods might be associated with poor weight loss after gastroplasty. This is based on the theory that one of the reasons for better weight loss after gastric bypass than after gastroplasty is that patients decrease their sweet consumption after bypass operations due to changed taste preferences and development of the dumping syndrome after carbohydrate ingestion. Therefore, it is believed that patients known to have a high preference for sweet foods can expect better weight reduction after gastric bypass than after gastroplasty (Sugerman et al, 1989) . If sweet eaters have a worse weight loss prognosis after gastroplasty than non sweet eaters, this would provide additional rationale for assigning them to gastric bypass procedures.
With this background, dietary intake data before and after surgery were examined in relation to 2 y weight losses. Changes in body weight and energy intake are shown in Figure 5 . The decreases in energy intake corresponded closely to weight losses, indicating that the SOS dietary method was successfully capturing changes in food intake following gastric surgery.
There was no evidence that intake of mono-and disaccharides or sweet foods before the operation was in any way related to subsequent weight loss. Surprisingly, individuals who were consuming a larger fraction of their total energy from mono-and disaccharides and sweet foods two years after the operation were those who had sustained the largest weight losses after gastroplastic surgery. This might indicate that subjects who had excluded regular mealtime foods but continued to consume sweet foods are most likely to have kept their energy intake low enough for sustained weight loss.
These results do not directly answer the question of whether an obese individual with a`sweet tooth' will be better off with gastric bypass surgery than gastroplasty. The much larger weight losses in the gastric bypass group suggest that they might, in fact, lose more weight with this operation, although there were too few gastric bypass operations in SOS to test this hypothesis directly. However, examination of the dietary information obtained at 2 y in the gastroplasty group alone suggests that no weight loss advantage would be expected from speci®cally decreasing Figure 4 Plots describing disinhibition in relation to energy intake among severely obese women (dotted line) and non-obese population controls (solid line). Reprinted from Lindroos et al (1997) , with permission. Figure 5 Changes in body weight and energy intake (mean AE s.d.) during the ®rst two years of follow-up, following gastroplasty (left) or gastric bypass (right). Reproduced from Lindroos et al (1996) , with permission.
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L Lissner et al the proportion of intake from sweet foods. In fact, people who consumed a higher fraction of their energy from sweet foods after the gastroplastic operations had lost more weight at 2 y than those whose diet had relatively low sugar content. These results highlight the need for careful nutritional management and supplementation of gastroplasty patients, while providing no new support for the practice of selectively assigning sweet-eaters to gastric bypass surgery.
Ongoing dietary sub-studies in SOS
Since the majority of all primary health care centres in Sweden are now represented in SOS, the stability of body weights in the control group indicates that the obesity treatment currently available through the primary health care system is, on average, ineffective. The wide range of weight change in the control group indicates, however, that some individuals are able to bene®t from non-surgical treatments. These mixed but generally poor weight loss ®gures have prompted some of the af®liated centres to conduct research among SOS controls to develop improved conventional treatments and to better understand which obese subjects will bene®t from them. One of these sub-studies examined the effect of a combined VLCD (very low calorie diet) plus behavioural support program on 2 y weight loss and maintenance in 113 SOS subjects who were not in the surgical group. In this sub-study (Torgerson et al, 1997) , the nonintervention group received the behavioural support program only (that is, without initial VLCD) during the 2 y period. As expected from the literature (Wadden, 1993) , the VLCD group initially had larger short-term weight losses. In contrast, after 2 y of continual behavioural support, both groups had maintained signi®cant weight losses, and the magnitude of these losses did not differ signi®cantly between groups. Further analysis of only male subjects suggested that the VLCD plus behavioural support approach was more successful than behavioural support only. In contrast, among women, starting the 2 y program with VLCD did not seem to convey any weight loss advantage. The sustained weight losses that were observed both in the VLCD and the behavioural support group were encouraging. These results suggest that a continuous behavioural program is a critical component to a conventional weight loss strategy, but that acceleration of the initial weight reduction with VLCD may be bene®cial to certain individuals.
Another dietary sub-study compared temporal meal patterns as reported by 83 severely obese SOS subjects with those of 94 population-based controls, using a new method in which subjects describe the times and frequencies of consumption of main meals, lighter meals, snacks and drinks across a`usual day' (Forslund et al, 1996) . One rationale for this study is the common but largely undocumented generalisation that obese individuals skip breakfast and overeat at night. Current knowledge of meal frequency and its relation to obesity is limited, due in part to biases in traditional dietary assessment tools in the obese. For instance, studies suggesting that the obese eat less frequently than the non-obese may be distorted by underreporting (Fa Âbry & Tepperman, 1970) . The results of the present study suggested that overweight women do eat signi®cantly more meals than non-obese women. The greatest difference is in the number of light meals and snacks. A larger fraction of total meals are consumed after eight o'clock in the evening in obese women, compared to non-obese reference women, in support of the idea that a night-eating syndrome often underlies obesity (Stunkard et al, 1996) . However, there were no differences in breakfast consumption in the two groups, suggesting that generalised promotion of increased breakfast consumption in obese individuals may not be necessary or even appropriate. These results do suggest that problems of between-meal and evening/night-time eating need to be considered in the treatment of obese subjects.
Finally, there are two new studies involving families of SOS subjects. The SOS Offspring study, in early development stages, is a randomized intervention that will include a behavioural program aiming to optimise physical activity and nutritional habits among 18±25 y olds with high-risk familial pro®les for obesity. Each subject in the intervention program will receive a personalised program aimed at: decreasing obesity-promoting eating behaviours; increasing energy expenditure; and learning behaviour modi®cation skills to support these lifestyle changes. Another ongoing project, the`Sib-pair study', is currently examining SOS subjects, together with their parents and non-obese siblings, one of the aims being to describe possible differences between (obesity-) discordant family members, in postprandial glycemic and lipid responses.
Conclusions
In the mid-1980s, Sweden had one of the lowest rates of obesity in the developed world (WHO, 1988) . However, as in many other regions, the prevalence of obesity has increased dramatically (Rasmussen & Johansson, 1997) . There is no effective non-surgical treatment for obesity; the vast majority of obese individuals who lose weight by traditional methods regain the weight. In the context of this discouraging situation, a number of researchers have questioned whether it is bene®cial to lose weight at all. Observational epidemiological studies have been the only available type of data to address this question, but have provided little evidence of a direct bene®t of weight loss in relation to mortality.
At this time, preliminary results from SOS concerning the short-term health effects of weight reduction are suggestive of possible bene®ts. Speci®cally, an unchanged high body weight appears to be associated with exceedingly high incidences of diabetes, hypertension and lipid disturbances after 2 y of follow up, a development that can be strongly counteracted by weight reduction. There are also early indications of improved quality of life after surgical weight loss. While awaiting the longer term results, it has been possible to conduct nutritional studies in SOS obese subjects, providing valid data to better understand the dietary aetiology and treatment of obesity. In the next 10 y, it is hoped that the SOS study will have data documenting effects of surgical weight reduction on mortality and incidence of hard endpoints such as myocardial infarction and stroke.
